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Table	1:	Chemical	compositions	(wt%).	Alloys	 C	 Si	 Cr	 Ni	 Mo	 N	 Mn	CamAlloy	4	 0.01	 0.73	 13.00	 6.00	 0.06	 0.026	 1.50	Autorod	OK	308LSi	 0.01	 0.90	 19.70	 10.70	 0.00	 0.01	 1.90	304L	(base)	 0.03	 0.75	 18.00	 8.00	 0.00	 0.10	 2.00	The	weld	trials	were	carried	out	using	gas	metal	arc	welding	with	a	shielding	gas	of	98%Ar-2%CO2.	The	welding	current	and	voltage	were	230-295	A	and	26-30	V,	
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respectively,	and	the	welding	speed	was	between	65-78	mm	min-1.	Eight	layers	of	filler	metal	were	deposited	on	each	plate	using	the	interpass	hold	temperatures	given	in	Table	2.	Plate	T50	and	plate	T200	are	produced	to	investigate	the	effect	of	inter-pass	temperature;	while	plate	A50	serves	as	a	reference	to	current	industry	practice.	




method”	with	full	Rietveld	style	refinement	[19].	As	a	result	of	the	dual-detector	system	employed	at	Engin-X,	the	three	orthogonal	directions	could	be	obtained	using	2	sample	orientations.		A	set	of	3mm	radial	collimators	were	employed	to	give	a	nominal	gauge	volume	of	3x3x3mm	[20].	When	the	sample	was	oriented	such	that	the	welding	direction	was	vertical,	the	vertical	slits	were	opened	to	10mm	to	reduce	counting	times,	but	without	reducing	the	spatial	resolution	in	the	normal	and	transverse	directions.	Strain	was	calculated	using	ε = #$%&'#($%&#($%& ,	 (1)	where	axyz	is	the	refined	lattice	parameter	at	a	particular	gauge	location	(x,	y,	z)	and	a0x,y,z	is	the	lattice	parameter	corresponding	to	a	stress-free	condition	at	the	sample	location	(x,	y,	z).	Stress-free	samples	were	created	using	comb-like	sample	cut	from	a	region	towards	the	ends	of	the	welded	plates.	The	comb-like	samples		allowed	stress	free	lattice	parameter	measurements	at	the	same	distances	from	the	weld	centre	where	the	residual	stresses	are	measured	(i.e.	each	tooth	on	the	comb-like	sample	corresponds	to	a	certain	gauge	location)	[21,22].	Given	the	size	of	each	sample	plate,	cutting	a	thin	comb-like	sample	from	the	end	of	each	plate	does	not	significantly	alter	the	residual	stress	profile	in	the	centre	of	the	plates.		Stress	was	calculated	from	the	elastic	strain	measurements	using	






Q 𝑥, 𝑦, 𝑧 = 𝑄>exp − 𝑥8𝑎>8 + 𝑦8𝑏8 + 𝑧8𝑐8 	for	𝑥 > 0	 (3)	
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Q 𝑥, 𝑦, 𝑧 = 𝑄Lexp − 𝑥8𝑎L8 + 𝑦8𝑏8 + 𝑧8𝑐8 	for	𝑥 < 0		is	described	mathematically	by	empirical	parameters	that	need	to	be	calibrated	before	the	heat	source	can	be	applied.	In	all	cases	an	arc	efficiency	of	0.8	was	assumed	for	each	welding	pass.	The	calibration	was	carried	out	by	seeking	the	best	possible	reproduction	of	the	fusion	zone	(FZ)	and	heat	affected	zone	(HAZ)	in	the	first	pass.	The	FZ/HAZ	boundaries	are	normally	estimated	by	plotting	the	maximum	temperature	envelope	on	a	contour	plot	focusing	on	a	contour	value	of	1500°C	for	the	FZ	and	a	minimum	contour	value	of	850°C	for	the	HAZ.		An	averaged	thermal	cycle	for	the	whole	weld	bead	was	then	exported	and	compiled	for	the	use	of	the	multi-pass	welding	simulations.		The	welding	speed	for	Pass	8	was	1.08	mm	s-1	compared	to	1.3	mm	s-1	for	all	other	passes.	Consequently	a	different	set	of	parameters	were	fitted	for	Pass	8	using	a	separate	2D	transient	welding	analysis.	The	thermal	properties	used	in	this	work	are	given	elsewhere	[18].	The	predicted	1500°C	peak	temperature	contour	corresponding	to	the	fusion	zone	is	compared	with	the	macrostructure	of	the	weld	cross-section	in	Figure	2.	Considerable	weld	dilution	is	observed	in	the	fusion	zone	extending	well	beyond	the	foot	print	of	the	original	groove,	but	still	comparable	with	the	optical	micrographs.	In	order	to	identify	the	optimum	interpass	hold	temperature,	four	different	interpass	temperatures,	50,	100,	150	and	200°C,	are	modelled	(denoted	as	Model	T50,	Model	T100,	Model	T150	and	Model	T200).	
Modelling	the	Martensitic	Transformation	The	extent	of	the	martensite	transformation	can	be	described	by	the	Koistinen-Marburger	relationship	[28]	
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